From the Kuiper Airborne Observatory, we have detected far infrared emission from 4 molecular clouds in the outer galaxy. Eleven areas in 6 clouds were observed at 50 and lOOnm.
INTRODUCTION
The outer galaxy offers a new perspective on various problems in star formation and galactic structure. First, there is no distance ambiguity in the outer galaxy. Given a rotation curve, a unique distance can be calculated from a radial velocity. Second, we expect the spiral arms in the outer galaxy to be less tightly wound and better defined than in the inner galaxy. This is the case in other spirals. Hence, we have a clearer view of galactic structure in the outer galaxy. Third, because the environment for clouds is different in the inner and outer galaxy, we can observe the effects of environment on star formation. For example, the time between arm passages is longer in the outer galaxy, and cloud-cloud collisions should be less frequent in the outer galaxy.
Depending on whether such collisions tend to shred clouds or make them grow, the clouds may have shorter or longer lifetimes than those in the inner galaxy. Also, if the cosmic ray flux decreases with increasing galactocentric radius, we would expect to see cooler cloud envelopes in the outer galaxy.
The atomic gas in both the inner and outer parts of the galaxy was surveyed via HI by Weaver and Williams (1973) and Henderson, Jackson, and Kerr (1982) . Many surveys of the molecular material in the inner galaxy have been made. Burton and Gordon (1978) , Cohen (1978) , Solomon, Sanders, and Scoville (1977) and Dame (1983) have all observed CO as a tracer for H 2 . The outer galaxy has been less thoroughly scrutinized. Blitz, Fich, and Stark (1982) observed CO toward 242 H n regions over the entire northern galaxy. They observed H n regions in the outer galaxy in the 2nd and 3rd quadrants and one in the outer part of the 1st quadrant. Kutner and Mead (1981) reported an under-sampled search of the first quadrant of the outer galaxy whose purpose was to locate clouds for more detailed study. The search has since been extended to cover the galactic longitude ranges 45°-160" and 200'-225° (Kutner 1983; Kutner and Mead 1985; ). Maps of CO emission have now been made of 36 clouds, with 10 being mapped in 13 CO(J=1-*0) and 12 CO(J=2-*l) (Mead 1986; . Radio continuum maps have been made of 17 clouds (Mead, Kutner, and Evans 1986) .
From the studies of individual clouds, it was found that outer galaxy clouds have lower CO line temperatures than their inner galaxy counterparts (Mead 1986; ). These lower line temperatures are interpreted as arising, at least in part, from lower kinetic temperatures.
Since the outer galaxy clouds have sizes and masses comparable to the inner galaxy clouds, it is interesting to compare star formation in the two types of clouds. As a first step, we ask whether the cooler outer galaxy clouds are forming massive stars. Infrared observations can answer this question, and that is the goal of this study. Assuming all the star's radiated energy is absorbed by the dust in the surrounding cloud and then reradiated in the infrared, the integrated infrared flux is directly related to the star's luminosity. By converting the infrared luminosities to spectral types, we can estimate the masses of the stars being born in the outer galaxy clouds.
II. OBSERVATIONS
Observations were made aboard the Kuiper Airborne Observatory in 1983 August A far infrared photometer (see Wilking et al, 1984) was attached to the 0.9m telescope. Data were taken simultaneously in two wavelength bands, centered at roughly 50|jm (~ 40-70^im) and lOOum (~ 70-150|im) , at each of 3 spatial positions separated by 1 arc minute in azimuth. Each beam was 40 arc seconds in diameter. The chopper throw was 5 arc minutes in azimuth. Because the water vapor radiometer wasn't working, the zenith water vapor columns were estimated (P. Kuhn, private communication). The data were calibrated by observing IRC+10420 at the start of each of two flights and S140 at the end. The three channels' relative gains were set from the S140 observations . Overall calibration was established by averaging center channel sensitivities on each calibration source. We estimate a ±30% uncertainty in the intensity calibration caused mostly by uncertainties in estimating the water vapor opacity.
Six clouds were searched for far infrared emission. Clouds were chosen from a set for which CO and 6cm radio continuum maps were available. Mead (1986) and give brief descriptions of these observations. A complete description of the CO and 6cm observations will appear in, respectively, and Mead, Kutner, and Evans (1986) . The whole extent of the CO cloud was not mapped in the infrared. Instead, regions around molecular or radio continuum peaks were searched initially for emission. There were 11 initial search areas.
If emission was seen, a map was made.
IE. RESULTS
Infrared emission was detected from 4 of 6 clouds searched. Criteria for detections and upper limits were conservative. Source detection required a signal of 5a at some position in the map. Once the source was detected, detection of another position required a 30 signal. Upper limits are the maximum, over the region searched, of the quantity 2a+|SJ, where Sy is the nominal flux density and a is the standard deviation at a given position.
Our results are presented in Table 1 . A source name which corresponds to an approximate (Three positions, arranged in a line, were observed at a time. As the observatory moved, the line of beams rotated on the sky, producing an irregularly shaped search region.) In G69 and G89, enough positions were detected to draw contours of lOOnjn emission. In G84 and G65 however, This hypothesis is confirmed by preliminary inspection of the IRAS images. IRAS emission typically extends far beyond that seen from the KAO. Insufficient chopper throw may also explain why infrared emission wasn't observed near all the molecular peaks that we searched. Further inspection of the images will reveal whether there is extended infrared emission over the whole cloud seen in CO.
IV. DISCUSSION
The most striking and interesting feature of the maps is that the infrared source is always at or near a radio continuum source and a molecular peak. All of the radio continuum sources associated with infrared sources have spectral indices which indicate that the sources are thermal (Mead, Kutner, and Evans 1986) . These facts strongly suggest that the stars responsible for the ionization of the radio continuum sources are also responsible for heating the dust and gas. This situation is often seen in the inner galaxy and explained by such a scenario. In cases where the three peaks are along nearly the same line of sight, we assume that all the emission is emanating from sources at the same distance. We have considered the possibility of chance coincidence on the sky, but believe it to be very unlikely. A more definite association of H n region with the molecular peak will require measurement of the velocity of the H n region by observing a recombination line. This would also rule out the possibility of a foreground H n region, perhaps in the Perseus arm or its extension into the first quadrant
The dust temperatures listed in Table 1 were calculated by assuming that grain absorption efficiency (Spitzer 1978 ) varies as X" 1 and using the equation given by Evans (1980) . In the luminosity calculation, only the 40 to 150jim flux is included. (In other words, no correction has been made for emission outside our bandpass.) For G65A and G84B, only the 70 to 150 (im flux is included because there was no detection at 50|im. Spectral types were estimated from the luminosities using calculations of Panagia (1973) and Avedisova (1979) for main sequence stars.
These two sets of models agree for O stars, but differ by about 2 subclasses for stars in the B1 to B5 range. In six clouds searched, we found four stars with spectral types between 07 and B3
indicating that massive stars (M ~ 5-30 MQ) are forming in the outer galaxy.
A single star was assumed to be the heat source in each case. If a cluster of stars is responsible for the heating and ionizing, each star will obviously be of later type than we calculated. However, the number of ionizing photons radiated drops off sharply for spectral types later than about B3. Therefore, a group of stars of types later than mid to late B will barely be able to ionize the gas at all, independent of quantity. Radio continuum data provide a measure of the number of ionizing photons being generated by the stars. Spectral types and luminosities can then be derived. Mead, Kutner, and Evans (1986) derive spectral types of O5 for G69 and BO for G65, G84, and G89; all these are slightly earlier than those derived from far infrared data. The luminosities inferred from the radio data for G89, G84, G69, and G65 respectively are a factor of 2,5,5, and 10 higher than those inferred from the far infrared data. Two possible explanations for this "radio excess" are 1) that the sources are, for some reason, significantly underluminous in the infrared, and 2) that the far infrared observations did not measure all of the flux. We suggested the latter possibility earlier, in connection with the IRAS data. Further analysis of the IRAS data with regard to this question will appear in a future paper.
Despite the sparseness of our sample, we would like to compare, at least preliminarily, our clouds to inner galaxy clouds. 1) Even though outer galaxy CO peaks are weaker than those in the inner galaxy, it appears that they still trace star formation (as is the case in the inner galaxy). We have seen that infrared emission is associated with many, though not all, of the CO peaks in our search.
2) The derived dust temperatures are all higher than the derived (from CO) kinetic temperatures, about 15K at the peaks . Thus, the usual explanation for CO peaks in inner galaxy clouds (i.e. the star heats the dust which heats the gas) is plausible for outer galaxy clouds as well. 3) Lester et al. (1985) have studied, in detail, two H n regions in the inner galaxy, G30.8-0.0 and G25.4-0.2. They found luminosities in the 10 5 to 10 6 Lg range, consistent with other bright, well-studied H n regions in the inner galaxy. The far infrared luminosities of the outer galaxy clouds are generally less by a factor of 10 3 . Only G69's luminosity is comparable to that of inner galaxy clouds.
V. CONCLUSION
In this paper, we have presented far infrared observations which provide evidence that there is massive star formation (inferred spectral types range from B3 to O7) in outer galaxy molecular clouds. This is in spite of the lower CO line temperature of the outer galaxy clouds, relative to comparable sued inner galaxy clouds. These lower line temperatures have caused the importance of star formation in the outer galaxy to be overlooked. Extensions of this study can be used to extend the range of galactocentric radii over which massive star formation can be studied.
,'
This may tell us about the importance of galactic environment in massive star formation. Moreover if the physical conditions, especially temperature, are different in outer and inner galaxy clouds, then we have the basis for comparisons that will allow us to assess the effects of these differences on massive star formation.
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